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In the title compound, C25H21N5O3SCH2Q2, the dichloro- 
methane solvent molecule is disordered over four positions, 
with an occupancy ratio of 0.271 (3):0.3884 (18):0.298 (2):- 
0.0424 (15). The 1,2,4-triazole ring makes dihedral angles of 
47.3 (2)/87.3 (2) and 3.6 (2)° with the phenyl and nitrophenyl 
rings, respectively. An intramolecular C— H- ■ -S hydrogen 
bond results in the formation of an almost planar six- 
membered ring [r.m.s. derivation = 0.0051 (2) A], Inter- 
molecular C— H- ■ O hydrogen bonding consolidates the 
structure. 

Related literature 

For crystal structures related to l,2,4-triazole-5(4//)-thione, 
see: Al-Tamimi et al. (2010); Fun et al. (2009); Gao et al. (2011); 
Tan et al. (2010); Wang et al. (2011); Zhao et al. (2010). 




• CH 2 C1 2 



Experimental 

Crystal data 
<^H 21 N S 0 3 SCH 2 C1 2 



Triclinic, PI 
a = 8.9880 (13) A 
b = 11.4440 (15) A 
c = 14.8604 (18) A 
a = 70.212 (11)° 
P = 88.973 (13)° 
y = 67.020 (9)° 

Data collection 

Rigaku Saturn CCD diffractometer 
Absorption correction: multi-scan 

{CrystalClear; Rigaku/MSC, 

2005) 

T min = 0.911, r m „ = 0.931 

Refinement 

R[F 2 > 2a(F 2 )] = 0.052 

wR(F 2 ) = 0.159 

S = 1.07 

6203 reflections 

396 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 1312.6 (3) A 
Z = 2 

Mo Ka radiation 
jU = 0.37 mm -1 
T = 113 K 

0.26 x 0.24 x 0.20 mm 



16932 measured reflections 
6203 independent reflections 
4100 reflections with / > 2a(I) 
R iM = 0.035 



91 restraints 

H-atom parameters constrained 
A^„ = 0.27 e A~ 3 
Ap mi „ = -0.41 e A~ 3 



D-H-A 




D-H 


H-A 


D-A 


D-H-A 


C19-H19- ■ 


■SI 


0.95 


2.43 


3.199 (3) 


137 


C18-H18B- 


■ or 


0.98 


2.55 


3.443 (4) 


152 


C22-H22- ■ 


■Ol" 


0.95 


2.34 


3.202 (3) 


151 



Symmetry codes: (i) x — 1, y, z; (ii) —X 4- 1, — v + 1, — Z. 

Data collection: CrystalClear (Rigaku/MSC, 2005); cell refinement: 
CrystalClear; data reduction: CrystalClear, program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: CrystalStructure (Rigaku/MSC, 2007). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: ZK2024). 
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3-[3-Methyl-4-(4-nitrobenzylideneamino)-5-sulfanylidene-4,5-dihydro-l//-l,2,4-triazol-l-yl]-l,3- 
diphenylpropan-l-one dichloromethane monosolvate 

W. Wang, W.-M. Jia, C. Xu, W.-P. Wu and Q.-L. Liu 
Comment 

In continuation of our structural studies of derivatives of Mannich bases synthesized from amino heterocycles and aromatic 
aldehydes in our group (Wang et al, 2011), we present here the crystal structure of the title compound named 3-[4-(4-Ni- 
trobenzylideneamino)-5-thioxo-3-(4-tolyl)-4,5- dihydro- IH- 1 ,2,4-triazol- 1 -yl]- 1 ,3 -diphenylpropan- 1 -one. 

The bond lengths and angles in title compound are found to have normal values comparable with those reported in 
related 1,2,4-triazole- 5(4//)-thione derivatives (Al-Tamimi et al, 2010; Fun et al, 2009; Tan et al, 2010; Wang et al, 
2011). An intramolecular C — H - S hydrogen bond results in the formation of a planar [an r.m.s. deviation of 0.0051 (2) A] 
six-membered ring (Table 1) and the maxmium deviation of 0.0088 (2) A for atom N4. The 1,2,4-triazole ring is almost 
planar with an r.m.s. deviation of 0.0039 (2) A and the maxmium deviation of 0.0061 (2) A for atom Nl. The 1,2,4-triazole 
ring mean plane forms the dihedral angles of 47.3 (2), 87.3 (2) and 3.6 (2)° with two phenyl rings (C1-C6 and C10-C15) 

and nitrophenyl ring, respectively. Two C atoms in the 1,2,4-triazole ring show distorted Csp hybridization states with the 
bond angles of 101.95 (16)° (Nl— C16— N3), 130.44 (15)° (N3— C16— SI), 110.44 (18)° (N2— C17— N3) and 25.88 (19)° 
(N3 — C17 — C18), which are similar to those of similar reported triazole derivatives (Zhao et al, 2010; Gao et al, 2011). 

In the crystal structure, weak intermolecular C — H— O hydrogen bonds (Table 1) are observed and consolidate the crystal 
structure. 

Experimental 

The title compound was synthesized with the reaction of 4-nitrobenzaldehyde (2.0 mmol) and 3-(4-amino-3-methyl-5-thi- 
oxo-4,5-dihydro-l//-l,2,4-triazol-l-yl)-l,3-diphenylpropan-l-one (2.0 mmol) by refluxing in ethanol. The reaction progress 
was monitored via TLC. The resulting precipitate was filtered off, washed with cold ethanol, dried and purified to give the 
target product as a colorless solid in 74% yield. Crystals of title compound suitable for single-crystal X-ray analysis were 
grown by slow evaporation of a solution in dichloromethanle-ethanol (1:1). 

Refinement 

All H atoms were positioned geometrically and refined as riding (C — H = 0.95-1 .00 A) on their parent atoms, with (7i S0 (H) 
= 1.2(7 e q(C) or 1.5C/ e q(C). One molecule of solvent dichloromethane is present in the asymmetric unit. This was refined as 
disordered over four positions with occupancies of 0.271 (3):0.3884 (18):0.298 (2):0.0424 (15). 
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Figures 




Fig. 1. View of the molecule of (I) showing the atom-labelling scheme. Displacement ellips- 
oids are drawn at the 60% probability level. The disordered dichloromethane molecule is 
omitted. 



Fig. 2. Packing diagram of the crystal structure. The disordered dichloromethane molecule is 
omitted. 



3-[3-Methyl-4-(4-nitrobenzylideneamino)-5-sulfanylidene-4,5-dihydro-1 H- 1 ,2,4-triazoM -yl]-1 ,3-diphenylpro- 
pan-1-one dichloromethane monosolvate 



Crystal data 

C2 5 H2iN 5 0 3 SCH 2 Cl2 
M r = 556.45 

Triclinic, PI 
Hall symbol: -P 1 
a = 8.9880 (13) A 
b= 11.4440 (15) A 
c= 14.8604(18) A 
a= 70.212 (11)° 
(3 = 88.973 (13)° 
y = 67.020 (9)° 
V= 1312.6(3) A 3 



Z = 2 

F(000) = 576 

D x = 1.408 MgrrT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 4632 reflections 

6 = 2.1-27.9° 

|i = 0.37 mm 1 

T= 113 K 

Prism, colourless 

0.26 x 0.24 x 0.20 mm 



Data collection 

Rigaku Saturn CCD 
diffractometer 

Radiation source: rotating anode 
multilayer 

Detector resolution: 14.22 pixels mm" 1 
cp and co scans 

Absorption correction: multi-scan 
(CrystalClear; Rigaku/MSC, 2005) 
r min = 0.9 ll,r max = 0.931 
16932 measured reflections 



6203 independent reflections 

4100 reflections with / > 2a(7) 
0.035 

6max — 27.9 , 9 m i n — 2.1 
/z = 1 1 >1 1 



Jt = -15-»15 
/ = —19^-18 



Refinement 

Refinement on F 2 
Least-squares matrix: full 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
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R[F 2 > 20(^)1 = 0.052 
wR(F 2 ) = 0.159 

S = 1.07 

6203 reflections 
396 parameters 
91 restraints 



Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = l/[o 2 (F 0 2 ) + (0.0904P) 2 ] 
where F = (F 0 2 + 2F c 2 )/3 
(A/o) max = 0.003 
Ap max = 0.27eA" 3 
Ap min = -0.41 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement ofF 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and if- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 
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II- *ITJ 


SI 


0.48389 (7) 


0.55051 (6) 


0.09792 (4) 


0.03327 (18) 


Ol 


0.91577(19) 


0.35679 (16) 


0.36980 (12) 


0.0382 (4) 


02 


-0.3675 (2) 
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0.0570 (5) 
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-0.5429 (2) 


0.7897 (2) 


-0.22653 (14) 
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0.4215 (2) 
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0.0586 (13) 


0.298 (2) 


C17 


1.0305 (17) 


0.9999 (14) 


-0.0990 (9) 


0.0362 (8) 


0.0424 (15) 


C18 


1.176 (3) 


1.000 (2) 


0.0685 (12) 


0.0362 (8) 


0.0424 (15) 


C29 


1.185 (7) 


0.908 (4) 


-0.004 (4) 


0.079 (4) 


0.0424 (15) 
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H29A 


1.2915 


0.8843 


-0.0290 




0.095 




0.0424 (15) 




H29B 


1.1758 


0.8219 


0.0345 




0.095 


* 


0.0424 (15) 




Atomic displacement parameters (A 2 ) 
















U u 


U 22 


TV 33 

u 


TV 12 

u 




U 


U 




SI 


0.0257 (3) 


0.0509 (4) 


A AT A z fi\ 
U.U243 (i ) 


A A 1 1 A 

— U.U1 5y 




0.00 j / (2) 


A A1 *7 A 

—0.01 /4 


(3) 


Ol 


0.0242 (8) 


0.0376 (9) 


a a/iai fG\ 
U.U4U1 (y) 


A AA O A 

U.UUoU 


(') 


0.0043 ( /) 


A AA/1 1 

—0.0043 


(») 


02 


0.0592 (13) 


0.0715 (13) 


a m aa 1 1 1 \ 
U.UjyU (11) 


A ATT 1 

— u.uzzi 


l 11 ) 


— 0.01 30 {y ) 


a nnn 
— 0.022y 


(10) 


03 


0.0368 (11) 


0.0656 (13) 


a A£ 1 1 m\ 
U.UM1 (Iz) 


— U.UloJ 


(10) 


— 0.0200 (y ) 


A AAI/^ 

— 0.003d 


(10) 


NI 


0.0193 (8) 


0.0270 (9) 


A A 1 QC (Q\ 

U.Uloj (0) 


A AAOQ 

u.uu&y 


(i\ 


u.uuiy (O ) 


A AA71 

U.UU / 3 


^7^ 
(') 


N2 


0.0218 (8) 


0.0323 (9) 


a at 1 1 / C"i 
U.UZ13 (0) 


A AI A7 

U.U1U / 


d\ 
yi) 


U.UU31 ( /) 


A AAQO 

u.uuyo 


w 


N4 


0.0229 (9) 


0.0259 (9) 


n a.ti/1 / Q\ 
U.UZ34 (y ) 


A AA7A 

U.UU ly 


vn 


u.uu jo ( /) 


A aa/;c 

u.uuo j 


(') 


N5 


0.0428 (13) 


0.0293 (10) 


nm/^c / 1 t\ 
U.UJoj (lz) 


A A 1 A 1 

— U.U141 


(y) 


— U.Ulo4 (1U) 


A AAOfl 

— u.uu2y 


(9) 


CI 


0.0258 (11) 


0.0290 (11) 


a ai ri"7 n i\ 
U.Ujy/ (15) 


A ni TA 

— u.uizu 


iy) 


— U.UU4/ (1U) 


A A 1 A/i 

— U.UlUo 


/1 C\\ 

(10) 


C2 


0.0275 (12) 


0.0291 (12) 


a acat c\ c\ 
U.UjUz (1j) 


A AAQ1 

u.uuyj 


(1U) 


u.u 122 (11) 


A AAOO 

U.UUoo 


^1 1 A 
(11) 


C3 


0.0400 (14) 


0.0278 (12) 


A A171 ( \ i\ 
U.U.J 15 (15) 


A AAQQ 

— U.UU 00 


(\ 1 \ 


— U.UloV (11) 


A AAO/1 

— U.UU24 


(10) 


C4 


0.0469 (15) 


0.0356 (13) 


A AT OA /I T\ 

U.Uzoy (lz) 


A AI A A 

U.U14U 


(,12) 


U.UU4J (11) 


A AA1Q 

u.uuiy 


^1 1 A 
(11) 


C5 


0.0299 (12) 


0.0309 (11) 


U.UZ54 (11) 


A AA£7 

— U.UUo / 


(10) 


— U.UU33 (y) 


a Anon 

— u.uuyu 


(10) 


C6 


0.0241 (10) 


0.0240(10) 


a at a 1 /i n 
U.Uzy 1 (11) 


A A A O f. 

U.UU 00 




u.uu4o (y ) 


A AAQ7 

u.uuy2 


(9) 


C7 


0.0244 (10) 


0.0265 (10) 


A ATQT / 1 1 \ 

U.UZyZ ( 1 1 ) 


A AAA 1 

u.uuy 1 


( y ) 


f\ f\f\ 1 7 /'Q\ 

u.uu 1 / (y ) 


A A1 AT 

U.U1U2 


/OA 

(9) 


C8 


0.0232 (10) 


0.0259 (10) 


A A777 

U.Uz / / (11) 


A AI A/1 

U.U1U4 




r\ r\r\ i r\ so\ 
U.UU1U (0 ) 


A AA/1 1 

U.UU43 


(9) 


C9 


0.0170 (9) 


0.0270(10) 


A AT n (\ fi\ 

U.Uzl.5 (1U) 


A AA7C 

U.UU / J 


(°) 


A AAAT ZO\ 

U.UUU2 (0 ) 


A A AC A 

U.UUjU 


(^) 


CIO 


0.0185 (9) 


0.0289 (11) 


U.Uzoy (1U) 


A A 1 1 A 

— U.U1 1U 




A AA1 1 /'OA 
U.UU31 (5) 


A AAOA 

—u.uuyu 


fO.A 

(y) 


Cll 


0.0350(12) 


0.0322 (12) 


AA111 m\ 
U.UJ11 (lz) 


A A 1 7/1 

— U.U1 /4 


(10) 


a nnnc a\ 
— U.UUUj (10) 


— U.UUjo 


/1 nA 
(10) 


C12 


0.0467 (15) 


0.0329 (13) 


a A/i n/i 1 1 £\ 
U.U4V4 (10) 


A AT 1 1 

— u.uzi 1 


(12) 


A AAAA M ')\ 

0.0000 (12) 


A AA^^ 

U.UU j j 


(\ OA 

(12) 


C13 


0.0467 (15) 


0.0402 (14) 


U.Uooo (ly) 


A AT^7 
U.UZJ / 


(12) 


U.UU34 (14) 


A AT/1 O 

U.U245 


^1 /l A 

(14) 


C14 


0.0380 (13) 


0.0565 (16) 


A A/111 f"\ A\ 

U.U431 (14) 


A AT7A 

—u.uz /U 


(12) 


a nnci / 1 1 \ 
U.UUj2 (11) 


A AT7C 

— U.U2 1 j 


(\ 1A 

(13) 


C15 


0.0243 (10) 


0.0351 (12) 


A AT £fi i 1 1 \ 

u.uzjy (iij 


A A 1 1 £ 

— U.U133 


( y ) 


A AAO^ fCi\ 

U.UU2D (y) 


A AAOC 

— u.uuyj 


/OA 

(9) 


C16 


0.0223 (10) 


0.0215 (10) 


A AT1 1 C\ (\\ 

u.uzji (iu) 


A AAO/1 

— U.UU54 


( 8 ) 


A AAAO /Q\ 

U.UUU2 (0) 


A AA/^O 

— U.UUoo 


(0) 


N3 


0.0202 (8) 


0.0246 (9) 


a ata^ iQ\ 
U.UzUo (0 ) 


A AAQT 

U.UUoz 


(') 


A AAA 1 /H\ 
U.UUU1 ( /) 


A AA71 
U.UU / 3 


/7A 
(') 


C17 


0.0244 (10) 


0.0293 (11) 


a at 11 ( \ n\ 
U.UZ11 (1U) 


A A1 1 ^ 

— U.U1 Id 


iCi\ 


U.UU2y (0 ) 


A AAQT 

— U.UUoi 


/OA 

(9) 


C18 


0.0237 (11) 


0.0567 (15) 


A A1T1 / 1 T~\ 

U.U3Z.5 (lz) 


A A1 fLH 

U.Ulo / 


(11) 


A AA71 fQ\ 

u.uu 15 (y) 


a Aon/i 
U.U2U4 


/1 OA 

(12) 


C19 


0.0260 (11) 


0.0267 (11) 


A AT71 (\ 1 ~l 

U.Uz / I (11) 


n ni ht 
U.UlUz 


i7) 


A AA 1 1 /Q\ 

u.uu 11 (y) 


U.UUoo 


/OA 

(9) 


C20 


0.0283 (11) 


0.0227 (10) 


A AT/IT f 1 (\\ 

U.UZ4Z (1U) 


A AAQC 

u.uuyj 




A AAQO /Q\ 

U.UU35 (y ) 


A AA/11 

U.UU43 


/OA 

(9) 


C21 


0.0310 (11) 


0.0334 (11) 


A AT£1 /1 1 \ 

U.Uzoy (ii) 


— U.U14J 


(10) 


A AAA/1 {C\\ 

u.uuu4 (y ) 


A AAQQ 

— U.UUoo 


/OA 

(y) 


C22 


0.0378 (13) 


0.0306 (11) 


A AT/11 f 1 1 ~\ 

U.UZ43 (11) 


A A1 1Q 

u.uuy 


(10) 


u.uu2o (y ) 


A AA/i'l 

U.UUOJ 


/OA 

(9) 


C23 


0.0349 (12) 


0.0217 (10) 


A AT^£ / 1 1 \ 
U.UZJD (11) 


U.UIUj 


( y ) 


A A 1 07 /Q\ 

u.u 122 (y) 


A AAA7 
U.UUU / 


/OA 

(9) 


C24 


0.0265 (11) 


0.0318 (12) 


A AI /I £ ^ 1 T\ 

U.U340 (lz) 


A A 1 A 1 
— U.U1U1 


(10) 


A AAT1 fCi\ 

— u.uu23 (y ) 


A AAQQ 
— U.UUOS 


/1 C\\ 

(10) 


C25 


0.0299 (11) 


0.0339 (12) 


A AT £/1 /" 1 1 \ 

U.UZJ4 (11) 


A A 1 1 1 

— U.U1 13 


(10) 


A AA 1 0 fCl\ 

— u.uu 12 (y ) 


A AA7Q 

—U.UU IQ 


/1 nA 
(10) 


Cll 


0.0368 (10) 


0.0373 (10) 


A A1 A £ ^ A\ 

U.U343 (y) 


A A 1 A 1 

— U.U143 


(0) 


U.UU40 (0 ) 


A A1 /1A 
— U.U14U 


(0) 


C12 


0.0677 (15) 


0.0600 (14) 


A a/;7o / 1 c\ 
U.Uo /o (l->) 


A AT1Q 

u.uzjy 


(1U) 


A AA1Q (Q\ 

u.uuiy (y ) 


A AOQ/1 

U.U2y4 


(1U) 


C26 


0.094 (3) 


0.093 (3) 


A AA1 

U.0y3 (3) 


A A1 77 

-0.0377 


/ 1 A \ 

(14) 


A A 1 O t> / A\ 

0.0128 (9) 


A A1 T A 


(13) 


C27 


0.094 (3) 


0.093 (3) 


0.093 (3) 


-0.0377 


(14) 


0.0128 (9) 


-0.0339 


(13) 


C13 


0.0459 (10) 


0.0446 (8) 


0.0421 (7) 


-0.0168 


(7) 


0.0075 (8) 


-0.0201 


(6) 


C14 


0.0617(10) 


0.0766 (11) 


0.0486 (10) 


-0.0279 


(8) 


0.0057 (7) 


-0.0234 


(8) 


C28 


0.079 (4) 


0.079 (4) 


0.079 (4) 


-0.0324 


(16) 


0.0104(9) 


-0.0286 


(15) 


C16 


0.089 (2) 


0.088 (2) 


0.090 (2) 


-0.0372 


(12) 


0.0078(10) 


-0.0314 


(11) 
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C15 
C17 
C18 
C29 



0.0574(16) 
0.0368 (10) 
0.0368 (10) 
0.079 (4) 



0.0577 (15) 
0.0373 (10) 
0.0373 (10) 
0.079 (4) 



0.0607(15) 
0.0345 (9) 
0.0345 (9) 
0.079 (4) 



-0.0229 (10) 
-0.0143 (6) 
-0.0143 (6) 
-0.0324 (16) 



0.0094 (10) 
0.0046 (6) 
0.0046 (6) 
0.0104(9) 



-0.0221 (10) 
-0.0140 (6) 
-0.0140 (6) 
-0.0286 (15) 



Geometric parameters (A, °) 



S1—C16 


1.666 (2) 


C14 — C15 


1.391 (3) 


Ol — C7 


1.220 (3) 


C14 — H14 


0.9500 


02 — N5 


1.221 (3) 


C15 — H15 


0.9500 


03 — N5 


1.219 (3) 


C16 — N3 


1 .399 (2) 


Nl — C16 


1.353 (2) 


N3 — C17 


1.391 (2) 


Nl — N2 


1.375 (2) 


C17 — C18 


1.481 (3) 


Nl — C9 


1.467 (2) 


C18 — H18A 


0.9800 


N2 — CI 7 


1.293 (3) 


C18 — H18B 


0.9800 


N4 — C19 


1.283 (3) 


C18 — H18C 


0.9800 


N4 — N3 


1.383 (2) 


C19 — C20 


1.469 (3) 


N5 — C23 


1.475 (3) 


C19 — H19 


0.9500 


CI — C2 


1.383 (3) 


C20 — C25 


1.394 (3) 


CI — C6 


1.401 (3) 


C20 — C21 


1.401 (3) 


CI — HI 


0.9500 


C21 — C22 


1.391 (3) 


C2 — C3 


1 379 (4) 


C21 — H21 


0.9500 


C2 — H2 


0.9500 


C22 — C23 


1.371 (3) 


C3 — C4 


1 394 (4) 


C22 — H22 


0.9500 


C3— H3 


0.9500 


C23— C24 


1.388 (3) 


C4— C5 


1.398 (3) 


C24— C25 


1.379 (3) 


C4 — H4 


0.9500 


C24 — H24 


0.9500 


C5 — C6 


1.388 (3) 


C25 — H25 


0.9500 


C5 — H5 


0.9500 


Qi — C26 


1.757 (9) 


C6 — C7 


1.496 (3) 


C12 — C26 


1.696 (9) 


C7 — C8 


1.510 (3) 


C26 — H26A 


0.9900 


C8— C9 


1.525 (3) 


C26— H26B 


0.9900 


C8 — H8A 


0.9900 


C27— C14 


1.656 (8) 


C8— H8B 


0.9900 


C27— C13 


1.661 (8) 


C9— CIO 


1.518 (3) 


C27— H27A 


0.9900 


C9— H9 


1.0000 


C27— H27B 


0.9900 


CIO— C15 


1.383 (3) 


C28— C15 


1.606 (8) 


CIO— Cll 


1.401 (3) 


C28— C16 


1.671 (8) 


Cll— C12 


1.388 (3) 


C28— H28A 


0.9900 


Cll— HI 1 


0.9500 


C28— H28B 


0.9900 


C12— C13 


1.386 (4) 


C17— C29 


1.718 (11) 


C12— H12 


0.9500 


C18— C29 


1.723 (11) 


C13— C14 


1.370 (4) 


C29— H29A 


0.9900 


C13— H13 


0.9500 


C29— H29B 


0.9900 


CI 6— Nl— N2 


113.97(16) 


Nl— C16— SI 


127.61 (15) 


CI 6— Nl— C9 


125.89 (17) 


N3— CI 6— SI 


130.44 (15) 


N2— Nl— C9 


120.04 (16) 


N4— N3— CI 7 


118.17(16) 


CI 7— N2— Nl 


105.18(16) 


N4— N3— C16 


133.38 (17) 


CI 9— N4— N3 


119.39(18) 


CI 7— N3— CI 6 


108.45 (16) 
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p.1 MC P.1 

U3 — JND — U2 


1 n /: /in 
123.0 (2) 


p*l MC nTi 

U3 — JNd — C23 


1 1 O 1 /IN 

11 0.3 (2) 


p.1 mc ni 

U2 — JN 5 — C23 


1 1 O 1 /IN 

110.2 (2) 


pi pi p/: 
C2 CI — Co 


1 in n /in 
12U.U (2) 


pi pi ui 
Cz — CI — HI 


1 in n 
12U.U 


p/: pi ui 
Co — CI — rll 


1 in n 
12U.U 


pi pi pi 
C3 — Cz — C 1 


i in i /in 
12U.3 (2) 


pi pi tj1 

C3 — Cz — rlz 


1 1 Q Q 

ny.y 


pi pi tji 
CI — Cz — Hi 


1 1 n n 

ny.y 


pi pi p/i 
Cz — C3 — C4 


1 in c /in 
12U.D (2) 


pi pi m 
Cz — Co — H3 


HO C 

i iy.o 


f^A pi jji 
C4 — C3 — Hi 


iiy.o 


PI P/1 pc 

C3 — C4 CD 


1 1 n i /in 
liy.3 (2) 


PI P/1 \J A 

C3 — C4 H4 


1 in i 
12U.3 


pc p/i jj/i 
Cj — C4 H4 


1 in i 
12U.3 


p/: pc p/i 
Co — CD — C4 


1 in i /in 
12U.2 (2) 


p/: uc 
Co — CD — HD 


1 1 n n 

ny.y 


p/i pc jjc 
C4 — CD — HD 


1 1 n n 

ny.y 


pc p/: pi 
CD — Co — C 1 


HQ £ /IN 

i iy.o (2j 


pc p/: p~7 
CD — Co — C / 


111 An / 1 n\ 
122.4y (iy) 


pi p/: p~7 
CI — Co — C / 


I 1 "7 n /in 

II /.y (2) 


p.1 p~7 p/: 
UI — C/ — Co 


1 in /ii / 1 nN 
12U.42 (iy) 


p.1 p~7 po 
UI — C/ — Co 


1 in "7/1 / 1 nN 
12U. /4 (iy) 


p/: p~7 po 
Co — C / — Co 


1 1 O "70 /1 ON 

llo. /o (lo) 


p~7 po pn 
C / — Co — CV 


111 n/c /1 in 

in.yo (i /) 


p-7 po jjQ A 

C / — Co — HoA 


1 no i 

iuy.2 


pn po JJO A 

CV — Co — HoA 


1 nn i 

iuy.2 


t~*H PO HOD 

C / — Co — Hots 


1 nn i 

iuy.2 


pn po UOD 

cy — Co — HoB 


1 nn i 

iuy.2 


JJO A PO HOD 

HoA — Co — HoB 


1 n~7 n 

iu /.y 


m 1 pn nfi 

jn i — cy — CIU 


ino /: o / A a\ 
lUo.oo (lo) 


\ri pn po 

jn i — cy — Co 


1 nn i o / 1 a\ 
lUy.2o (10) 


pin rn po 

c i u — cy — Co 


1 1 c /:n /1 in 
11D.0U (1 /) 


\T 1 PQ TTQ 

jn i — cy — Hy 


1 n~7 "7 
1U /. / 


pin rn jjn 

c i u — cy — Hy 


1 n"7 "7 
1U /. / 


pn pn Tin 

Co — cy — Hy 


1 n"7 "7 
1U /. / 


pi r pin pii 
C1D — CIU — CI 1 


1 1 O A /IN 

11 0.4 (2) 


pi c pi n pq 

ci 5 — ciu — cy 


1 11 £1 /1 QN 

123.03 (lo) 


p 1 1 pin pn 

ci i — ciu — cy 


1 1 o n 1 /i nN 
llo.Ul (iy) 


pn pii pin 
C12 — CI 1 — CIU 


1 in i /i\ 
12U. / (2) 


pn pii jj i i 
Clz — CI 1 — HI 1 


i in / 

iiy.o 


pin P11 jj 1 1 
CIU — CI 1 — HI 1 


1 1 n / 
iiy.o 


pii pn P11 
C13 — Clz — CI 1 


i i n i /i\ 
liy. / (2) 


pi i p 1 1 1 1 1 1 

C13 — Clz — H12 


12U.1 


Cll— C12— H12 


12U.1 


C14— C13— C12 


12U.1 (2) 


C14— C13— H13 


12U.U 


C12— C13— H13 


12U.U 


C13— C14— C15 


120.3 (2) 



Ml P 1 "7 \T1 

JN2 — CI / — JN3 


1 1 n A A f \ Q\ 

11U.44 (lo) 


Ml P 1 "7 P 1 O 

JN2 — CI / — Clo 


lie oo /in\ 
125.00 (iy) 


Ml P 1 "7 PIO 

JN3 — CI / — Clo 


111 /:o /io\ 
123.00 (lo) 


P11 PIO tj 1 O A 

C 1 / — C 1 0 — H 1 0 A 


1 nn c 

iuy.5 


PII PIO ui on 

C 1 / — C 1 0 — H 1 ohs 


1 nn c 

luy.s 


TJ10A PIO TJ10T3 

H 1 OA — C 1 o — H 1 ohs 


1 nn c 

iuy.5 


P11 PIO TJ 1 OP 

C 1 / — C 1 0 — H 1 oC 


1 nn c 

luy.s 


U1QA P1Q UI QP 

H 1 OA — C 1 0 — H 1 oC 


1 no c 

luy.j 


ui on pio mop 
H 1 ohs — C 1 0 — H 1 oC 


1 nn c 

luy.s 


M/i pin pin 
JN 4 — C 1 y — C2U 


1 1 O "7 /1\ 

llo./ (2) 


M/i pin tj 1 n 

jn4 — ciy — Hiy 


1 in "7 
12U. / 


pin pin jjin 

C2u — c i y — h i y 


1 in i 
12U. / 


pic pin pn 
C25 — C2U — C2 1 


1 1 n i /i\ 
liy.3 (2) 


pir pin pin 

C2D — C2U — c i y 


1 11 o ^1\ 

122.0 (2 ) 


pn pin pin 
C2 1 — C2U — c i y 


1 1 n o /"1\ 
ll / .0 (2) 


pii pi i pin 
C22 — C2 1 — C2U 


1 in i /i\ 
12U.2 (2) 


pii pii jji i 
C22 — C2 1 — H2 1 


1 1 n n 

ny.y 


pin pn jji 1 
C2U — C2 1 — H2 1 


1 1 n n 

ny.y 


pii pn pn 
C23 — C22 — C2 1 


1 1 O A /"1\ 

1 1 0.4 (2) 


pii pii jjii 

C23 — C22 — H22 


1 in o 
12U.0 


pii pii jjii 
C2 1 — C22 — H22 


1 in o 
12U.0 


pii pii pi/i 
C22 — C23 — C24 


1 ii 1 /i\ 
123.1 (2) 


PII PII M^ 

C22 — C23 — JN J 


1 1 Q Q /IN 

iio.y (2) 


PI A PII MC 

C24 — C23 — JN D 


lion /in 
llo.U (2) 


PIC Pl/l PII 

C25 — C24 — C23 


1 i o n /in 
llo.U (2) 


PIC PI/1 JJ1/1 

C25 — C24 — H24 


111 n 
121 .U 


pii pi/i jji/i 
C23 — C24 — H24 


111 n 
121 .U 


pi/i pic pin 
C24 — C2D — C2U 


1 in n /in 
12U.y (2) 


Pl/l PIC JJ1C 

C24 — C2D — H2D 


1 1 n c 

ny.D 


pin pic jji c 
C2U — C2D — H2D 


line 

ny.D 


pn pi/: pi 1 
C12 — C2o — CI 1 


1 n/i n //:N 
lU4.y (0) 


pn pi/; jji/: a 
C12 — C2o — H2oA 


1 1 n o 
11U.0 


pi 1 pi/: jji/: a 
Cll — C2o — H2oA 


1 1 n o 
11U.0 


pii pi/: jji/:j> 
C12 — C2o — H2oB 


1 1 n o 
11U.0 


pi 1 pi/: jji/:j> 
Cll — C2o — H2oB 


1 1 n o 
11U.0 


jji/: a pi/: jji/:t3 
H2 0 A — C2 0 — H2 oB 


1 no o 
lUo.O 


Pl/l P1"7 PII 

C14 — C27 — C13 


linn //:N 

ny.y (o) 


Pl/1 P1"7 U1"7A 

C14 — C2 / — H2 /A 


1 f1"7 A 

1U / .4 


pii pn jjii a 
C13 — C2 / — H2 /A 


1 n~7 i 
1U/.3 


pl/l pn jjnj> 
C14 — C2 / — H2 Id 


1 n"7 a 
1U/.4 


pii pn jjnj> 
C13 — C2 / — H2 Id 


1 n~7 a 
1U/.4 


jjn a pn jjno 
H2 /A — C2 / — H2 Id 


1 n/: n 

luo.y 


pic pio pi/: 
CO — C2o — Clo 


no n /in 

i2o.y (/) 


PIC PIO ttio a 

C15 — C2o — H2oA 


105.1 


C16— C28— H28A 


105.1 


C15— C28— H28B 


105.1 


C16— C28— H28B 


105.1 


H28A— C28— H28B 


105.9 


C17— C29— C18 


110.7(10) 



sup-7 



supplementary materials 



v_ 1 J V 1 "t 1 1 1 1 


119 8 






1 no s 


C15 — C14 — H14 


119.8 


C18 — C29 — H29A 




109.5 


CIO — C15 — C14 


120.8 (2) 


C17 — C29 — H29B 




109.5 


CIO — C15 — H15 


119.6 


C18 — C29 — H29B 




109.5 


C14 — C15 — H15 


119.6 


H29A — C29 — H29B 




108.1 


Ni — CI 6 — N3 


101.95 (16) 








pi/; mi mi rn 
C16 — JN 1 — JN2 — CI / 


1.0(2) 


"\TT M 1 PI/; Ml 

JN2 — JN 1 — C16 — JN3 




-1.2 (2) 


pn mi xn 

Cy — JN 1 — JN2 — CI / 


1 HH HI ( 1 *7\ 

1 / /. 15 (1 /) 


pn mi pu mi 
Cy — JN 1 — C16 — JN3 




1 HH £Z ( \ H\ 
—1 / /.OJ (1 /) 


p/: p 1 pi pi 
Co — C 1 — C2 — C J 


-1.3 (3) 


Ml M 1 Pli pi 

JNz — JN 1 — C16 — M 




1 *7A /1 C\ 

1 /y.zo (Id) 


pi pi pi p/i 
C 1 — C2 — C3 — C4 


1 1 SA\ 

1.2 (4) 


pn Ml pi<r C1 

cy — JN 1 — C 1 6 — a 1 




2.8 (3) 


pi /""i p/i pc 
Cz — C3 — C4 — CD 


a i (a \ 

-0.3 (4) 


pin M/i mi pn 
Ciy — JN4 — JN3 — CI / 




1 *7A A/1 n o\ 

-1 /y.U4 (is) 


pi P/i pc p/: 
C3 — C4 — CD — Co 


A A ( A\ 

-U.4 (4) 


pin M/1 mi pu 
Ciy — JN4 — JN3 — CI 6 




1 A f1\ 

1.0 (3) 


p/i pc p/: pi 
C4 — CD — Co — C 1 


U.3 (3) 


M 1 PI/; M*5 M/1 

JN 1 — C16 — JN3 — JN4 




1 H(\ K / I A\ 

—i /y.ij (iy) 


P/I PC P£ P"7 

C4 — CD — Co — C / 


1 /O.J (z) 


Cl p 1 zr Ml M/I 

Si — Clo — JN i — JN4 




0.4 (3) 


pi pi r^t. pc 
Cz — CI — Co — CD 


0.5 (3) 


M 1 PR Ml PT7 

JN 1 — CI 0 — JN i — C 1 / 




0.9 (2) 


pi pi p/; p~7 
Cz — CI — Co — C / 


1 "7"7 £Q / 1 Q\ 


C1 PR Ml pn 

al — Clo — JNJ — CI / 




1 HQ ZH (\ £\ 

—1 ly.j 1 (loj 


pc p/: pi pi 
CD — Co — C / — U 1 


loo.z (z) 


M 1 Ml pn Ml 

JN 1 — JNz — CI / — JN3 




A /I 

-0.4 (2) 


pi P£ f^i pi 
C 1 — Co — C / — U 1 


— 13. / (3 J 


M 1 Ml PIT PIO 

JN 1 — JNz — CI / — CIS 




i /y.y (z ) 


pc p/: pi pq 
CD — Co — C / — Co 


— 14.0 (3) 


M/1 Ml pn Ml 

JN4 — JN3 — CI / — JN2 




1 *7A *7A H 7\ 

i /y. /U (1 /) 


pi p/; pi pq 
CI — Co — C / — Co 


1/^1 /;n /■ 1 a\ 

loi.oU (ly) 


pi/ mi pn mi 
C16 — JN3 — CI / — JN2 




A 1 

-0.3 (2) 


pi pi po pn 
VI — C / — Co — CV 


1 A 1 

— 1U.1 (3) 


M/1 Ml pn pi n 

JN4 — JN3 — CI / — C18 




—U.j (3) 


p/; pi po pn 

Co — c / — Co — cy 


1 /z.oz (lo) 


p]/ Ml pn pi n 

C16 — JN3 — CI / — Clo 




1 *7A /l 

i /y.4 (Z) 


p 1 c mi po pin 

cio — jn i — cy — ciu 


1 1 1 C /T\ 

111. j (Z) 


Ml M/1 P1Q P'ln 

JN i — JN4 — Ciy — C2U 




1 7C O /'I H\ 

1 /o.oZ (1 /J 


\n xt i pn nn 

jnz — jn i — cy — CIU 


-o4.o (Z) 


M/i pin pin ptc 
JN4 — Ciy — C2U — C2D 




-4.4 (3) 


pi /: mi pn po 

cio — jn i — cy — Co 


— Izl .0 (z) 


M/1 pin pin pn 

JN 4 — C 1 y — C2U — C2 1 




1 "7*7 /I A ( 1 A\ 

l / / .44 ( l y) 


\n mi pn po 
JN2 — JN 1 — Cy — Co 


oz.l [Z) 


pic pin pn pn 
C2D — C2U — C2 1 — C22 




1 H (1\ 

1.7 (3) 


P"7 PQ PO M1 

c / — Co — cy — jn i 


i i i i /i n\ 
lol .13 (1 1) 


pio pin pn pn 
C 1 y — C2U — C2 1 — C22 




1 HQ Q1 ( 1 G\ 

i /y.y3 (iyj 


pi po pn pi a 

c / — Co — cy — c i u 


-75.9 (2) 


pin pii pn pn 
C2U — C2 1 — C22 — C23 




—U.j (3) 


Ml pn fi r 

jn i — cy — C 1 U — C 1 D 


1Z3. / (Z J 


pn pn pn pi/i 
C2 1 — C22 — C23 — C24 




A *7 (1\ 

-0.7 (3) 


po pn nn pi r 

Co — cy — C 1 U — C 1 D 


0.4 (3) 


P11 Pll Pll MC 

C2 1 — C22 — C23 — JN D 




1 *7A AC ( 1 A\ 

i /y.yj (iy) 


\rl po pin pi i 

jn i — cy — c i u — c 1 1 


— j j .4 (Z j 


P.1 MC Pll f^ll 

U i — JN D — C2 i — C22 




— 1 /Z. J (Z J 


po pn pin n i 

Co — cy — c i u — c 1 1 


-1 /o.Oi (lo) 


PI MC Pll Pll 

U2 — JN D — C23 — C22 




7.6 (3) 


n r nn pi i pn 
C1D — CIU — CI 1 — C12 


-2.3 (3) 


PI MC Pll Pl/1 

U3 — JN D — C23 — C24 




8.2 (3) 


pn pin P11 pn 
cy — CIU — Cll — Clz 


1 /o.o (Z) 


PI MC Pll Pl/1 

U2 — JN D — C23 — C24 




in o /i\ 
— 1 /1. 8 (2) 


CIO— Cll— C12— C13 


1.0(4) 


C22— C23— C24— C25 




0.8 (3) 


Cll— C12— C13— C14 


0.4 (4) 


N5— C23— C24— C25 




-179.88 (19) 


C12— C13— C14— C15 


-0.6 (4) 


C23— C24— C25— C20 




0.4 (3) 


Cll— CIO— C15— C14 


2.1 (3) 


C21— C20— C25— C24 




-1.6 (3) 


C9— CIO— CI 5— C14 


-176.9 (2) 


CI 9— C20— C25— C24 




-179.8(2) 


CI 3 — C14 — CI 5 — CIO 


-0.8 (4) 








Hydrogen-bond geometry (A, °) 










D—H-A 


D — H 


H-A 


D-A 


D — H- 


C19— H19-S1 


0.95 


2.43 


3.199 (3) 


137 


C18— H18B-01' 


0.98 


2.55 


3.443 (4) 


152 


C22— H22-01" 


0.95 


2.34 


3.202 (3) 


151 


Symmetry codes: (i) x-\,y, z; (ii) - 


-x+\, -y+1, -z. 
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